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ean S
ien
e Team (VOST) is to assess the performan
e of the instrumentand s
ienti�
 pro
essing software that generates o
ean 
olor parameters su
h as normalized water-leavingradian
es and 
hlorophyll. A VIIRS data simulator is being developed to help aid in this work. The simulatorwill 
reate a suÆ
ient set of simulated Sensor Data Re
ords (SDR) so that the o
ean 
omponent of the VIIRSpro
essing system 
an be tested. It will also have the ability to study the impa
t of instrument artifa
ts onthe derived parameter quality. The simulator will use existing resour
es available to generate the geolo
ationinformation and to transform 
alibrated radian
es to geophysi
al parameters and visa-versa. In addition,the simulator will be able to introdu
e land features, 
loud �elds, and expe
ted VIIRS instrument artifa
ts.The design of the simulator and its progress will be presented.Keywords: VIIRS, satellite, o
ean, simulator1. INTRODUCTIONThe VIIRS (Visible/Infrared Imaging Radiometer Suite) instrument s
heduled to 
y aboard the NPOESSPrepratory Proje
t (NPP) satellite 
ontains dete
tors in the visible and near-infrared range that shouldhave the 
apability to measure Top Of Atmosphere (TOA) radian
es with suÆ
ient a

ura
y to permit the
omputation, with suitable pro
essing software, of o
ean 
olor quantities su
h as water-leaving radian
es andderived quantities su
h as 
hlorophyll-a 
on
entration.1, 2 The su

ess of this task depends on the abilityto reliably pro
ess the large quantities of data that will be operationally produ
ed and to understand thee�e
ts on retrievals of intervening atmospheri
, o
ean surfa
e, and instrument features. The VIIRS O
eanS
ien
e Team (VOST) is developing a VIIRS data simulation system to address these issues. The simulatorwill help to assess the performan
e of VIIRS instrument and s
ien
e software for the generation of o
ean
olor parameters.The simulator will be integrated into the O
ean Biology Pro
essing Group's (OBPG) O
ean Data Pro-
essing System (ODPS) to take advantage of its ability to dire
t large amounts of 
omputer resour
es towardthe pro
essing of moderate resolution (about 1km) global daily datasets. In addition, the simulator softwaredesign will take advantage of the existing pro
essing software used for the pro
essing of other o
ean 
olorinstrument data su
h as SeaWiFS on OrbView-2 and MODIS on Aqua and Terra. This will have 2 advan-tages: 1 - the simulator will require less new development due to the use of existing fun
tions, and 2 - thepro
essing will share a 
ommon algorithmi
 basis with other o
ean 
olor pro
essing.In this paper, the design of the VIIRS data simulator is dis
ussed. The overall 
ow of the simulator willbe shown followed by a more detailed dis
ussion of the elements of the simulator. Examples of the inputdata and the resulting simulated VIIRS radian
es will be shown. Future enhan
ements to the simulator willalso be dis
ussed.Further author information:e-mail: Wayne.D.Robinson�nasa.gov, phone: 301 286 3883



2. OVERALL DESIGN OF THE VIIRS SIMULATORThe pro
essing of NPP data will be performed by the Interfa
e Data Pro
essing Segment (IDPS) at theNational Environmental Satellite, Data, and Information Servi
e (NESDIS). VIIRS o
ean data pro
essing
onsists of a sequen
e of steps that take the data from the raw satellite data to 
ommonly mapped s
ienti�
qualtities. First, the satellite data is pla
ed in a Raw Data Re
ord (RDR) format - whi
h 
ontains theinstrument pa
ket data. Radian
es in raw 
ounts make up the dataset at this point. The next level is theSensor Data Re
ord (SDR) whi
h has the 
ounts 
onverted into a
tual radian
e at the TOA. This datais then pro
essed into Environmental Data Re
ords (EDR), 
ontaining the data of interest to the o
eans
ientists su
h as normalized water-leaving radian
es and 
hlorophyll-a. EDR data 
an then be mapped toa 
ommon proje
tion, allowing it to be time averaged.Figure 1 shows the major elements of the VIIRS simulator. Currently, the simulator 
reates VIIRSSensor Data Re
ords (SDR) for the moderate resolution (M) bands used for o
ean 
olor pro
essing. TheSDR 
ontains the 
alibrated TOA radian
es from the VIIRS instrument, navigation information, data qualityinformation and identifying metadata. The simulator starts with a realisti
 VIIRS orbit des
ription, and asour
e of realisti
 water-leaving radian
es and aerosol 
hara
teristi
s, preferably o
ean 
olor data from othero
ean 
olor instruments. The steps in the simulation pro
ess are numbered (in Fig. 1) in the order in whi
hthey are performed in the 
ourse of a normal simulation. The steps are:1. VIIRS viewing geometry simulation. Use a simulated orbit to generate the VIIRS-viewed geom-etry, in
luding earth latitude and longitude, solar and satellite zenith and azimuth angles for all thosepoints. The information is generated for the standard length VIIRS granule of 48 s
ans or 768 linesby 3200 samples made by the 16 dete
tors for one M-band.2. O
ean 
olor s
ene simulation. Use the general geographi
 range of the VIIRS granule(s) to sele
tother o
ean 
olor satellite data, to use in generating a spe
ial level-3 base s
ene 
ontaining all therequired parameters to use in the simulation. This �le 
an be 
ompiled from many days of of data toa
hieve full geographi
 
overage.3. Create a VIIRS SDR without radian
es. Create a simulated VIIRS SDR �le based on the VIIRS-viewed geometry. The resulting �le will be in the format of a VIIRS SDR �le but it will only 
ontainpla
eholder top of atmosphere radian
es.4. Sele
t o
ean 
olor data at VIIRS lo
ations. Extra
t parameters from the Level-3 base s
ene andlo
ated at the VIIRS geographi
al lo
ations. This makes a set of o
ean surfa
e values of radian
e andaerosol information as VIIRS would see them.5. Simulate TOA radian
es as seen by VIIRS. Re-
onstru
t the top of atmosphere radian
es byrunning the OBPG level-2 pro
essing program: l2gen, in the inverse mode. Atmospheri
 
omponentsseen with the VIIRS geometry are added ba
k to the target �le water-leaving radian
es to make theTOA radian
es.6. Insert TOA radian
es into simulated SDR. Repla
e nominal TOA radian
es in the VIIRS SDR�le with the simulated TOA radian
es. This 
an either be done dire
tly, or other features, su
h as
louds and instrument artifa
ts 
an be added.3. DETAIL OF STEPS IN CREATING THE SIMULATED SDRThe VIIRS simulation pro
ess takes a set of observed water-leaving radian
es from the o
ean surfa
e 
om-bined with an estimate of the overlying atmosphere properties and simulates the radian
es as seen by theVIIRS instrument at the top of the atmosphere. The �rst Two steps of the simulation de�ne the lo
ationsand view geometry seen by VIIRS and assemble the required simulated surfa
e and atmospheri
 information.



Figure 1. Flow 
hart depi
ting the major pro
essing steps in the VIIRS data simulation. The numbers show thesequen
e of the simulation steps.3.1 VIIRS Viewing Geometry SimulationThe simulation begins with the 
reation of a set of lo
ation and view angle information for every pixel viewedby the VIIRS instrument (step 1 in Fig 1). A simulated orbit for NPP is generated from two-line element(TLE) sets, using the SGP4 program a
quired from U.S. Proje
t Spa
etra
k. The SGP4 model in
ludes orbitperturbations to fourth order and also atmospheri
 drag. It allows orbit ve
tors to be output at any desiredinterval. For purposes of the VIIRS simulation, the ve
tors were generated at 1-minute intervals. The SGP4ve
tors are in a true-equator, mean-equinox (TEME) referen
e frame. Prior to use in the simulation, theyare transformed to the Earth-
entered Earth-�xed (ECEF) frame. This involves rotating the ve
tors aroundthe Earth's North Pole by the Greenwi
h Hour Angle (GHA), and also adjusting the velo
ity ve
tors for theEarth rotation rate.3The NPP orbit is then used along with a nominal instrument attitude to derive the latitude and longitudeof the aggregated VIIRS sample 
enters2 and the satellite and solar zenith and azimuth angles for thesesamples. The gen s
an geo program interpolates the orbit information to the VIIRS s
an rate of 1 s
anper 1.7864 se
onds. The sensor orientation is determined at ea
h s
an time using the orbit information andthe nominal attitude. The VIIRS s
an geometry, the sensor orientation, and an earth model are them usedto determine the latitudes and longitudes of the s
an pixels and the sensor zenith and azimuth angles. Arederen
e Sun ve
tor, determined by the s
an time, is used to determine the solar zenith and azimuth anglesat the lo
ations. The lo
ations and view angles are pla
ed in a temporary HDF-5 �le.



3.2 O
ean Color S
ene SimulationA s
ene of o
ean and atmospheri
 properties at the o
ean surfa
e is generated based on o
ean 
olor datafrom other instruments. O
ean 
olor data from an o
ean 
olor instrument with similar frequen
y bands isused for this purpose. Water-leaving radian
es from MODIS Aqua whi
h are at wavelengths very 
lose tothe visible and infrared wavelengths of VIIRS are 
hosen (see Table 1). Aerosol opti
al thi
kness and aerosoltype| as indi
ated by the Angstrom 
oeÆ
ient are in
luded to 
hara
terize the aerosol in the atmosphere.Individual Aqua s
enes posess neither the proper overlap with a VIIRS swath nor do they 
ontain anun-broken �eld of water-leaving radian
es due to 
loud and glint 
ontamination of the Aqua data. The o
ean
olor data 
olle
tion step takes the required parameters and a

umulates them over an 8-day time periodto 
reate a nearly un-broken s
ene of normalized water-leaving radian
e and aerosol parameters of aerosolopti
al depth and Angstrom 
oeÆ
ient. This is performed using the available ODPS level-3 binning pro
ess:l3bin. A global binning of Aqua data will be produ
ed to make running averaged daily s
enes of surfa
e andatmospheri
 parameters to be used in the simulation.3.3 Create a VIIRS SDR without Radian
esThe previous 2 steps have 
reated the s
ene and the way the VIIRS instrument looks at that s
ene. Thisstep (step 3 in Fig 1) 
reates the VIIRS SDR that 
onforms to the format spe
i�ed in the NPOESS CommonData Format Control Book (CDFCB).4, 5 The SDR is a
tually a set of �les 
onsisting of a geolo
ation �leand a �le for ea
h of the seven M-bands used for o
ean 
olor pro
essing (See the bands in Table 1). TheVIIRS SDR dataset simulator program, viirs sim sdr, 
reates these datasets 
ontaining all the identifyingmetadata and quality information. The geolo
ation and view geometry are extra
ted from the geolo
ation�le and are pla
ed in the proper datasets. A temporary set of pla
eholder, band-dependent 
onstant TOAradian
es, based on typi
al TOA radian
es, are pla
ed in the appropriate M-band SDR �le. The SDR is
reated in HDF 5 format as des
ribed by the CDFCB.3.4 Sele
t O
ean Color Data at VIIRS Lo
ationsThe simulated surfa
e s
ene, 
reated in step 2 
an now be sampled at the VIIRS sample lo
ations. Thisstep is done by the existing v
altarget program (step 4 in Fig 1). v
altarget was enhan
ed to use a VIIRSSDR as a sour
e for lo
ation information. v
altarget uses the latitude and longitude information from theVIIRS SDR to sele
t the water-leaving radian
es and aerosol information at those points in the surfa
e s
ene.Binary target �les of this information are then 
reated. v
altarget 
an be adjusted to sele
t only the Level-3data that is in pers
ribed 
hlorophyll and aerosol opti
al thi
kness limits.3.5 Simulate TOA Radian
es as seen by VIIRSThe binary �les from v
altarget 
reated in step 4 are 
onverted into TOA radian
es in this step (step 5 inFig 1). The standard OBPG Level-2 pro
essing program, l2gen6 is used for this step. Normally, l2gen isused to remove the atmospheri
 in
uen
es from TOA radian
es to 
reate water-leaving radian
es and aerosolproperties. For the SDR simulation, l2gen is run in the inverse mode that takes the water-leaving radian
esin the target �le and adds atmospheri
 radian
e 
ontributions as seen by the VIIRS instrument for the viewgeometry spe
i�ed in the SDR �le. The inversion pro
ess uses the same software and prin
iples as those usedfor the OBPG to perform the vi
arious 
alibration of other o
ean 
olor instruments.7 The normalized water-leaving radian
es are 
onverted into water-leaving radian
es as seen by the VIIRS instrument. The aerosolradian
e, determined by the s
ene aerosol opti
al depth and angstrom 
oeÆ
ient is added to the water-leaving radian
es. Rayleigh radian
es are then added and the e�e
ts of ozone absorption are a

ounted for.This results in a TOA radian
e set. The l2gen program pla
es the TOA radian
es in it's Level-2 formatdataset. The existing l2gen program was enhan
ed to work with the VIIRS SDR format.



Table 1. VIIRS bands and the 
orresponding MODIS Aqua bands.VIIRS band � (nm.) Aqua band � (nm.)M1 412 8 412M2 445 9 443M3 488 10 488M4 555 12 551M5 672 13 667M6 746 15 748M7 865 16 8693.6 Insertion of TOA Radian
es into Simulated VIIRS SDRThe last step of the simulation (step 6 in Fig 1), pla
es the TOA radian
es into the SDR �le. This is done byrunning the viirs sim sdr program. This step is similar to step 3, but in addition to inserting the geolo
ationinformation, the �le of TOA radian
es taken from the level-2 �le is also inserted into the simulated SDR. Thetransfer of the simulated radian
es was designed so that radian
e values at any sample 
ould be modi�edusing the surrounding �eld of radian
e values. The modi�
ations will in
lude the addition of simulated landand 
loud radian
es. The ideal TOA radian
es 
an be further modi�ed by the expe
ted e�e
ts of the VIIRSinstrument artifa
ts. 4. STATUS AND SIMULATION EXAMPLESThe VIIRS simulator has been in development sin
e the Fall of 2008. At this time, it 
an do all the basi
steps des
ribed in se
tion 3 ex
ept for adding the 
loud, land, and instrument artifa
ts. The upgradedsoftware, new tables, and new software are being integrated into the ODPS for more testing and larger s
alesimulation runs.In this se
tion, an example of the input and resulting simulated datasets is shown. The example shownhere is for a simulated NPP orbit on 1 January, 2006.Fig. 2 shows the subpoint of the simulated NPP orbit for the entire day proje
ted on the earth as the
urve. A simulated VIIRS granule of data was sele
ted starting at 0000 GMT. The 
overage of this granuleis shown as the bla
k re
tangle in Fig. 2. Fig. 3 fo
uses only upon the region 
overed by the simulatedgranule. For purposes of 
larity, only every 16th pixel along-s
an is plotted. Also, only the �rst and lastdete
tor lo
ations (out of the 16 dete
tors) have been plotted for the 48 s
ans that make up this granule.The VIIRS aggregation zones 
an be seen as the 
hange in point density from the s
ene 
enter (with every3 raw samples aggregated) to the edge (shifting from 2 sample aggregation to using every sample). Thealong-tra
k spreading of the samples (the bow tie e�e
t) 
an also be seen o

uring at the s
an edge. Theregion 
overed by this granule is almost all o
ean ex
ept for the island of Kiritimati at 2 degrees latitudeand 157.5 degrees longitude.MODIS Aqua granules for the time period of 1 - 9 January 2006 were a

umulated by the l3bin programfor this region to 
reate the base s
ene of normalized water-leaving radian
es and atmospheri
 properties.The normalized water-leaving radian
e distribution in the blue wavelength band at 443 nm. from this bases
ene is shown in Fig. 4. The 
entral region of the s
ene has better 
overage be
ause only MODIS granulesthat a
tually 
overed the VIIRS region were 
losen to make the s
ene and fewer MODIS granules (and moredata gaps) made up regions outside the VIIRS granule 
overage. A rough band of lower (about 0.7 mW 
m�2um�1 sr�1) radian
e 
an be seen along the equator, 
orresponding to higher 
hlorophyll 
on
entrations.Radian
es and atmospheri
 data from this s
ene were sampled at the VIIRS simulated lo
ations, propa-gated to the TOA and pla
ed in the simulated VIIRS SDR dataset. We pro
essed that dataset through l2gento get ba
k the normalized water-leaving radian
es and 
hlorophyll-a. Note that the a
tual VIIRS o
ean



Figure 2. Plot of the VIIRS simulated orbit for 1 day. The box in the Pa
i�
 is the 
overage of the simulated granuleused in this example.pro
essing of IDPS will use di�erent software and algorithms. Fig. 5 shows an image of the normalizedwater-leaving radian
e at 445 nm. The image is mapped into the same 
ylindri
al proje
tion as in Fig. 4.Features in the radian
es and the 
hlorophyll were preserved through the simulation pro
ess. Visually, theretrieved radian
e �eld appears to show lower values in the Western portion of the s
ene as 
ompared to thebase s
ene and may indi
ate a di�eren
e in pro
essing 
ontrols used in some of the simulation or retrievalsteps. The numeri
al values in these datasets still need to be 
ompared in more detail. Some 
overage nearthe s
an edge appears to have been lost in the simulation pro
ess.Further tests need to be done to understand the sour
e of the lost samples in the simulation, to 
he
k theproper pro
essing 
ontrols, and to 
he
k the �delity of the entire simulation pro
ess but the basi
 pro
ess isworking well. 5. FUTURE ENHANCEMENTS5.1 Tables derived from VIIRS Chara
terizationThe pro
ess of re
onstru
ting the TOA radian
es from the surfa
e values requires the knowlege of severalatmospheri
 e�e
ts whi
h are 
omputred from the VIIRS Relative Spe
tral Response (RSR). When the VIIRSM-band RSR is determined in thermal va
uum 
hara
terization, the following tables 
an be 
omputed andused instead of the 
urrent MODIS Aqua stand-in tables:� Tables for Rayleigh radian
e� Aerosol model radian
es



Figure 3. Plot of the VIIRS simulated granlue 
overage, using sub-sampled data point lo
ations and the orbit groundtra
k.� Band 
enters for the M bands� Ozone absorption 
oeÆ
ients� NO2 absorption 
oeÆ
ients� Extraterrestrial solar irradian
es� CO2 transmittan
es� H2O absorption 
oeÆ
ients� White
ap 
oeÆ
ients� Clear water absorption 
oeÆ
ients5.2 Geophysi
al In
uen
esVIIRS o
ean pixel pro
essing is a�e
ted by land in 
lose proximity. The relatively bright land radian
eswill 
ontaminate the o
ean radian
es due to stray light in the instrument. The simulation of land radian
es
an be done by 
olle
ting 
loud-free SeaWiFS radian
es over land. The SeaWiFS radian
es are preferred toMODIS radian
es be
ause SeaWiFS does not saturate at the high land radian
e values. A suitable land s
ene
an be a

umulated using 
loud-free pixels from several days of data. This radian
e is then used to repla
ethe (probably 0 valued) simulated TOA radian
es during the SDR simulation step in program viirs sim sdr(step 6 in Fig 1).



Figure 4. Image of the water-leaving radian
e at 443 nm (nLw 443) from the 8-day a

umulated MODIS Aqua s
enethat was used to 
reate the simulated VIIRS dataset. The radian
e in the image is s
aled linearly from 0.7 - 2. mW
m�2 um�1 sr�1.

Figure 5. Image of the water-leaving radian
e at 443 nm (nLw 443) pro
essed from the simulated VIIRS dataset.The radian
e in the image is s
aled linearly from 0.7 - 2. mW 
m�2 um�1 sr�1.



In a similar way, 
loud �elds 
an be determined in the SeaWiFS data (or assumed to be white in Aquadata). The 
reation of a 
loud �eld will be more diÆ
ult than the land radian
es be
ause the 
louds movefrom day-to-day. Clouds from di�erent granules of data will have to be re
on
iled to make a physi
allyreasonable 
loud s
ene. Cloud radian
es 
an then repla
e the land or o
ean TOA radian
es in the simulatedSDR.Sun glint is one of the e�e
ts that is in
luded as the surfa
e radian
es are propagated to the TOA (byl2gen) and should not have to be added by the SDR simulator step. Moderate glint is 
orre
table in thelevel-2 pro
essing but severe glint 
annot be a
urately 
orre
ted and must be ex
luded in the retrievedradian
es. The performan
e of the VIIRS retrieval 
an be tested for these glint 
onditions.5.3 Instrument In
uen
esThe VIIRS dete
tors are not ideal and the signal at one dete
tor will be dependent on the radian
es in thesurrounding areas. Near �eld and far �eld stray light will o

ur when light s
attered of elements in theopti
al path are dire
ted into a dete
tor. Crosstalk o

urs when light impinging on one dete
tor is partiallydire
ted into another adja
ent dete
tor. In VIIRS, this e�e
t has been shown to be signi�
antly a�e
ted bythe polarization of the in
oming light. When the s
attered light originates from another band's �lter, thee�e
t resembles out-of-band radian
e (ex
ept that it is dependent upon the strength of the radian
e in thes
atterer instead of the re
eiver dete
tor). Ele
troni
 
ross talk has a similar e�e
t, but its sour
e is theleaking of ele
tri
al signals between ele
troni
 elements of di�erent dete
tors.The linearity of the VIIRS dete
tor response to radian
e is a�e
ted by broad non-linearities of the dete
torresponse and by lo
alized non-linear e�e
ts that o

ur when the M-band dete
tors transition from high- tolow-gain state.8 Quantization of the signal by the analog to digital radian
e 
onvesion, espe
ially above thegain transition, will add un
ertainty to the radian
es.These e�e
ts are being 
hara
terized for NPP VIIRS during pre-laun
h testing. The VIIRS SDR sim-ulator will be able to add these e�e
ts to the simulated radian
es to guage their impa
t upon retrievalsversus retrievals made for an un
ontaminated s
ene. The su

ess of 
orre
tions for these e�e
ts 
an also beinvestigated.5.4 Simulating the VIIRS Raw Data Re
ordThe VIIRS simulator may be expanded to 
onvert the SDR dataset into the un-
alibrated Raw Data Re
ord(RDR) format �les. This would help to test the RDR to SDR portion of the pro
essing software. It 
anverify that the pro
essing software is working 
orre
tly in the 
alibration algorithm and metadata insertionfun
tions. Performan
e of the software with large data volumes 
ould also be tested.5.5 VIIRS SDR Software ImprovementsThere are some small details about the simulation of a VIIRS SDR that also need to be in
luded. A portionof the radian
e data that overlaps in su

essive s
ans due to the bow tie e�e
t is normally not in
luded inthe VIIRS data. This e�e
t still needs to be added to the SDR simulator. The simulator will also need tobe improved to have more realisti
 QC data in
luded in response to simulated data problems.6. SUMMARYThe VIIRS simulator is now being readied for installation in the OBPG pro
essing system, whi
h has the
apability to qui
kly run the simulation and generate large amounts of simulated VIIRS data. This willenable the testing of the software performan
e under the 
onditions of large data volumes. When theenhan
ements of land, 
loud, and instrument e�e
ts are added, the simulator 
an also be used to test theimpa
t of geophysi
al and instrument in
uen
es on the retriebvals made by either the OBPG software orthe IDPS software.
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